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• The workshop had a wide participation.. thanks to all the people who contributed 
to the discussion! We had 7 talks: 

Introduction in term of requirements: the 
baseline solution is to use BaF2 crystals

R&D work on BaF2: efforts to reduce the slow 
component acting on rare earth doping and 
radiation hardness measurement

R&D work on photosensors: efforts to find a 
viable strategy to develop new UV extended -
solar blind photosensors

Some ideas on a new strategy for the Mu2e-II 
calorimeter DAQ
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Introduction and Overview 
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• What is changing is the beam intensity.. So we have tighter requirements in the 
radiation hardness of the components and in the capacity to solve pileup
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Radiation Hardness Requirements
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• These are the expected values for TID on the crystals of both disks:

• These are the expected values for TID and neutron fluence on the photosensors:
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BaF2 as Baseline Solution
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• Slow suppression may be achieved by 
rare earth (Y, La and Ce) doping, and/or 
solar-blind photo-detectors, e.g. Cs-Te ,   
K-Cs-Te and Rb-Te cathode 
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Yttrium Doped Small BaF2 Samples
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• Y doping can suppress slow scintillation component of BaF2
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Yttrium Doped Large BaF2 Crystals
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BaF2 Radiation Hardness
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• ɣ-Ray 
Induced 
Damage in 
Large BaF2

• Neutrons 
induced 
damage
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Preliminary BaF2:Y Radiation Hardness
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• Four 10x10x10 mm^3 BaF2:Y samples from SICCAS with different doping concentration
have been irradiated with neutrons at IBR-2M facility in Dubna

• Number of neutrons has been monitored using a nickel wire: about 2.3x10^14 n/cm^2 
passed through the samples. The neutrons energy spectrum is unknown, so it’s difficult
to compute fluence in 1 MeVeq n 
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CIT/FBK/JPL Solar Blind SiPM – 3 Layers
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FBK #611 + BaF2: Source and Cosmic Rays
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• FBK SiPM #611, dimension 6x6 mm, 
operated at 29.5V

• BaF2 dimension 1” x 1” x 1”, wrapped with 
teflon with an opening of 6x6 (mm)

• Cosmic ray deposits 6.374 MeV/cm * 2.54 
cm = 16.2MeV -> 11pe/MeV

• With 2x3 array are expected 60-70 
pe/MeV
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Future Plans for Solar Blind SiPMs
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• A 5 layer filter has been developed with performance adequate for Mu2e-II:

• It can be implemented in a delta-doped, back illuminated version that will have
improved QE and timing characteristics:
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AlGaN Photocathodes in MCP
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AlGaN MCP – Cosmic Rays Test
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AlGaN Schottky Diode
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Sensors with nanoparticle filters
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Sensors with nanoparticle filters
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Perspective for Nanoparticles and BaF2
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Next Generation Calorimeter DAQ
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• Current readout scheme (200 MHz ADCs) is not ok for Mu2e II: we expect more (x3) 
signals with a length o(30 nsec) and a rise time o(5 nsec)

?

• Ultra Fast ADCs (1 GHz) would solve the pileup issue, but bandwidth would increase

• Ultra Fast ADCs are expensive (400 $/unit), power hungry and each needs 4 JESD 204 
FPGA serializers

 A 20 channels board would consume 60-100 W  and would need 40 serializers to handle 
ADCs data, so the number of FPGA/board will increase to 3

• Calculating parameters in real-time and/or developing a a L0 trigger system can help to 
save bandwidth and storage room

1. Ultra Fast ADC

• Radiation Hardness requirements for electronics increases up to o(1Mrad) !!

 Only Xilinx Virtex5-QV FPGA, that space grade qualified, meets this requirement in 2020
 ADC need to be qualified, while TDC chip has been qualified by CERN
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Next Generation Calorimeter DAQ
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• TDCs offer a very good time resolution and a good 
energy resolution is signal shape is stable

• TDCs don’t solve the pileup easily

• CERN developed picoTDC, a new cheap RadHard
64 channels TDC chip with a 3 ps reaolution

• There is also a discriminator chip from CERN: 
FastIC

2. TDC

3. TDC + Slow ADC

• To solve pile-up problem we could use a TDC (PicoTDC) + a relatively slow ADC

• How  much slow ? If signals o(30 nsec) 100 or 200 Msamples should be ok.

• We could still try to fuse TDC and ADC data on the flight and directly send hit parameters to DAQ ...
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Considerations
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